Hansen solubility parameters (HSP) constitute a substance-specific set of three-partitioned cohesive energy densities, δD, δP, and δH, based on London dispersion, polar, and hydrogen-bonding molecular interactions, respectively.
Theoretical details regarding Hansen solubility parameters
Hansen solubility parameters (HSP) constitute a substance-specific set of three-partitioned cohesive energy densities, δD, δP, and δH, based on London dispersion, polar, and hydrogen-bonding molecular interactions, respectively.
HSP have been proposed to effectively deal with polar materials and their solubility by partitioning Hildebrand solubility parameter that is applicable only to apolar materials. Although HSP cannot be applicable to some cases which Lewis acid-base interaction is critical (e.g. chloroform-ketones cases), the substances with greater Lewis acidity than Lewis basicity should be very rare (less than 5% of whole substances). Therefore, HSP still work very well in most cases.
The HSP values of organic solvents and other compounds are available from databases, the literature, and by estimation using commercial software. . (1) The smaller Ra is, the better the compatibility (soluble, dispersible, or wettable) of two substances.
Seven major cell constituents were considered in the analysis (cell-constituent IDs: C1-C7); they were C1: cholesterol, C2: DNA, C3: phosphatidylcholine, C4: phosphatidylethanolamine, C5: sphingomyelin, C6:
Electronic Supplementary Material (ESI) for ChemComm. This journal is © The Royal Society of Chemistry 2017 phosphatidylserine, and C7: water. Table S1 summarizes the chemical structures and HSPs of these cell constituents. The HSPs of C1, C2 and C7 were available from the literature, 1, 2 and the others (C3-C6: cell-membrane constituents) were estimated using commercial software (HSPiP v4.1.03). 3 The values for R0 listed in Table S1 are interaction radii and indicate thresholds for the constituents to dissolve into (or uptake) solvents when the Ra values between the constituents and solvents are smaller than the R0 values. 1 The term "HSP sphere" of a material (polymer, powder, or any substance) refers to a sphere with a center determined by the material's HSP values [δD, δP, δH] and with a radius of R0 in HSP space (with the Cartesian coordinates δD, δP and δH). The positional relationship between HSP spheres (and/or HSPs) of different materials in HSP space helps visually grasp interactions between different materials.
To systemically compare the interactions between test solvents and cell constituents (i.e., to investigate the cytotoxic factors), the relative energy differences (RED) of nontoxic/cytotoxic test-solvent HSPs with respect to the cell-constituent HSP spheres (C1-C7) were calculated using the following
where Ra is the HSP distance between the cell-constituent and solvent HSPs, calculated using Eq. 1, and R0 is the cell-constituent interaction radius listed in Table S1 . A RED < 1.0 means that a test solvent potentially dissolves or diffuses into a corresponding cell constituent, i.e., the test solvent should be cytotoxic. 
Materials and Methods
Potential nontoxic solvents (25 test solvents, IDs S1-S25) and their HSPs are listed in Table S2 and S3, respectively, and their cytotoxicities were investigated using the direct-contact test described in Fig. S1 . In addition to the test solvents, the positive controls (known cytotoxic solvents) water, ethanol, acetone and diethylether (IDs: P1-P4) and the known nontoxic solutions RPMI-1640 cell culture medium with 0.5 vol% fetal bovine serum (FBS), phosphate buffered saline (PBS), and physiological saline (saline) (IDs: N1-N3) were also tested for comparison and normalization of the resultant cell survival rates.
The direct-contact tests were carried out by soaking human airway epithelial cells 4 [BEAS-2B (ATCC ® CRL-9609™) 5 ] in test wells with pure (non-diluted) test solvents for 10 s to 2 h (typically 2 h). First, the BEAS-2B cells were seeded into 96-well test plates at a density of 1 x 10 5 cells/cm 2 , then incubated for 1 night in RPMI-1640 with 10 vol%-FBS growth medium in a CO2 incubator [37 °C, relative humidity (RH): 95%, CO2: 5%]. Next, the liquid growth medium was replaced with the test solvent (200 µL/well, 4 wells per solvent), then the test wells were sealed with adhesive tape to prevent evaporation of the test solvents. S1-S11 were tested in plate #1, S12-S21 in plate #2, S22 in plate #3, and S23-S25 in plate #4. The positive controls P1 and P2, as well as the nontoxic solutions N1-N3, were tested in all plates. The positive controls P3 and P4 were tested in plate #4. The direct-contact tests with plates #1, #2 and #4 were carried out by placing them in a CO2 incubator (37 °C, RH: 95%, CO2: 5%) for 2 h, whereas the test with plate #3 was conducted at ambient conditions (22 °C) for 1 h to prevent boiling of S22 (boiling point: 34 °C). Tests with P3 and P4 were conducted at ambient conditions (22 °C) for 10 s to prevent breach of the test plate (P3 and P4 can dissolve test plates made of polystyrene). After the direct-contact tests, the test solvents were replaced with RPMI-1640 culture medium containing 0.5 vol%-FBS and the plates were post-test incubated for 20 h to detect delayed cytotoxicity.
Next, the dehydrogenase activity test 6 (WST-8 assay) was conducted to evaluate cell survival rates and optical-microscope observations of cell morphologies were carried out. The cell survival rates were calculated using the arithmetic mean of 4-well results and normalized using the result obtained from nontoxic solution N1 (which provided the maximum cell survival rate). The errors for the cell survival rates were evaluated by standard errors from the dispersion of the 4-well results. In addition, after the WST-8 assay for test solvents S2, S5, S11, S17, S18, S23-S25, P1-P4 and N1-N3, live/dead cells were observed using live/dead staining 7 (Live/Dead Cell Staining Kit II, PromoKine, #PK-CA707-30002). Remarks 
Supplementary results (1): Cell morphologies and live/dead cell observation
The survival rate of cells exposed to N1 was used as the baseline for normalizing the other test results because N1 provided the highest cell survival of the 3 nontoxic solutions tested. The difference in cell survival rate provided by the nontoxic solutions is attributed to large areas of cells detaching from the well surface. The cell morphologies after the direct-contact test show a homogeneous and dense distribution of cells following exposure to N1 (Fig. S2a) , whereas detached cells were observed following exposure to N2 (Fig. S2b) . This detachment suggests that the relatively low cell survival rates observed following exposure to N2 and N3 are due to the detachment of cells during the solvent/culture-medium replacement procedure. This detachment may be due to decreased cell adhesion resulting from a lack (elution) of bivalent ions since N2:
PBS and N3: saline do not contain bivalent ions such as Ca 2+ which are essential for cell adhesion. In addition, significant cell detachment was also observed following exposure to S16 and may be due to the high viscosity of S16 and the accompanying shear stress during the solvent/culture-medium replacement procedure. Therefore, we excluded the results obtained using S16 from our detailed analysis/discussion.
Supplementary data showing cell morphologies and live/dead cell observation after the direct-contact test (other than the results presented in the main figures) are shown in Fig. S3 , S4, S5, S6 and S7 for reference. N1, N2, N3, P1 and P2) in plate #4 stained using Live/Dead Cell Staining Kit II (PromoKine).
The detachment of cells exposed to N2 appears to be suppressed by coating with i-Matrix511, as compared to the result shown in Fig. S3b . Fig. S7 Optical micrographs of cells after the direct-contact test to solvents (IDs: S2, S5, S11, S17, S18 and N1) stained using Live/Dead Cell Staining Kit II (PromoKine).
Supplementary results (2): Validity assessment of estimated HSP values and the interaction radius for cell-membrane constituents
Since cell membranes consist of a mixture of various biomolecules (glycerophospholipids), the full experimental determination of HSPs of all the cell-membrane glycerophospholipids is unrealistic. This is why we utilized the estimated HSPs of representative glycerophospholipids (C3-C6 in Table S1 ) as the cell membrane constituents. Here, the validity of HSPs of cell-membrane constituents is assessed through comparison with its experimentally-obtained HSP.
As proposed in the main text, we hypothesized that HSPs of nontoxic organic solvents should locate outside cell-constituents HSPs, which means that nontoxic organic solvents should have their HSPs in smaller HSP region than cell-membrane constituents. As seen from Fig. 1 and Table S1, (Table S5 and S6). The RED values of phosphatidylcholine and lecithin also show quite good correspondence to each other. Therefore, we conclude that estimated HSPs and assumed R0 for cell-membrane constituents were valid to appropriately screen cytotoxic/nontoxic solvents. 
Supplementary results (3): LC-MS analysis on solvents after direct-contact test
If the dissolution of cell-membrane constituents (glycerophospholipids) into solvents is a main cytotoxic factor of organic solvents, the evidence (glycerophospholipids solutes in cytotoxic solvents soaked to cells) might be detected by liquid chromatography mass spectrometry (LC-MS). To attain the evidence, we selected 5 cytotoxic (S1, S3, S4, P3, and P4) and 2 nontoxic solvents (S7 and S8) as the test and reference solvents to identify glycerophospholipids solutes in the solvents after the direct-contact test by LC-MS.
After soaking the test solvents to the cells by following the protocol described in Fig. S1 , the test solvents with solutes were dried in vacuum, subsequently the solutes were re-dissolved in methanol (carrier fluid for LC-MS), and then the solutes in methanol were analyzed by LC-MS (negative ions, error in m/z value: ±3-5 ppm).
Because the S1 and S4 were too low-volatile to replace solvents with methanol, LC-MS analysis on the S1 was carried out without solvent replacement, and that on the S4 was with x20 dilution in methanol. The obtained m/z spectra were subtracted backgrounds, and the mass of proton was added to significantly-detected m/z values (since the negative ions are generated mainly via deficit of proton), which are compared to lipid Table S7 . Figures   S11(a, b) show LC-MS signal intensities of possible cell-membrane lipids (GP1-GP30) from solutes in cytotoxic and nontoxic solvents, respectively. Figures S12 also show the signal intensities of lipids other than cell-membrane lipids (L1-L12) from solutes in cytotoxic and nontoxic solvents for reference. As clearly shown in Fig. S11 , possible cell-membrane lipids were dissolved into cytotoxic solvents (especially S4, P3, and P4) while no possible cell-membrane lipids were detected in nontoxic solvents. Therefore, we conclude that the dissolution of cell-membrane constituents should be, at least, one of the main cytotoxic factors of organic solvents. As for the S1 and S3 cytotoxic solvents, no cell-membrane lipids were dissolved into them. Although these solvents might lack dissolving power for cell-membrane lipids, they might still have other cytotoxic factors such as diffusion into cell interior and accompanying denaturalization of cell-interior proteins. The diffusion of solvents into the cell interior should be a remaining main cytotoxic factor to be assessed by other analytical techniques. 
